Chemical studies have shown that lipopolysaccharide (LPS) from certain strains of Helicobacter pylori expresses the Lewis (Le) blood group antigens, predominantly Le x and/or Le y . Serological methods have been used in a number of studies to assess the level of Le expression by H. pylori. However, serological and chemical analyses of a strain's LPS do not always agree. The purpose of this study was to evaluate and compare serological methods used to detect the expression of these antigens by H. pylori. A set of 34 Irish clinical isolates and three culture collection strains had their Le antigen expression assessed using three serological methods, serodot, Western blotting and enzyme-linked immunosorbent assay. A combination of all three methods was used to estimate Le x (59%) and Le y (94%) expression and this may allow a more accurate assessment of Le expression by isolates for pathogenesis studies. ß
Introduction
Infection with the human gastric pathogen Helicobacter pylori is widespread and it is the causative agent of a range of di¡erent pathologies [1] , including chronic gastritis, gastric and peptic ulcer disease [2] . Chronic infection produces an increased risk for the development of gastric adenocarcinoma and primary gastric lymphoma [3] . Like all Gram-negative bacteria, the outer membrane of H. pylori contains lipopolysaccharide (LPS). High-molecular mass smooth-form LPS (S-LPS) consists of an O-polysacharide chain that extends into the extracellular environment, a core oligosaccharide, and lipid A, which anchors the molecule in the outer membrane. Importantly, fresh clinical isolates express S-LPS, whereas continual subculture of strains on solid media can result in the loss of the O-chain and subsequent expression of rough-form LPS (R-LPS) [4] .
The O-chain region of H. pylori LPS has been shown by chemical, serological and spectroscopic analytical techniques to express Lewis (Le) antigens [5^9] that are also expressed in the gastric mucosa of humans. Among the pathogenic roles suggested for antigenic mimicry by H. pylori is that it may suppress an immune response against the bacterium, or allow it to adhere to the gastric mucosa or play a role in certain autoimmune aspects of H. pyloriassociated pathology [10^13] .
The aim of the present study was to compare and assess di¡erent serological techniques that are routinely used to detect Le antigen expression by H. pylori. The sodium dodecyl sulfate^polyacrylamide gel electrophoresis (SDSP AGE) pro¢les of LPS from H. pylori strains were initially determined to con¢rm their expression of an O-chain. The strains were subsequently examined for their expression of Le x and Le y antigens using three serological methods, serodot, Western blotting and a whole cell enzyme-linked immunosorbent assay (ELISA).
Sweden. Clinical isolates were obtained from antral biopsies of patients undergoing upper gastrointestinal endoscopy. H. pylori strains were grown routinely on blood agar under microaerobic conditions at 37³C for 48^72 h, and harvested in sterile phosphate-bu¡ered saline, pH 7.4. Stock cultures of H. pylori were maintained at 370³C in 15% (v/v) glycerol-trypticase soy broth (BBL Microbiology systems, Cockeysville, MD, USA).
Monoclonal antibodies (mAbs)
Murine mAbs against Le x and Le y , obtained from Signet Laboratories (Dedham, MA, USA) were used as primary antibodies to detect Le antigens in all serological methods tested. Horseradish peroxidase (HRP)-conjugated anti-murine immunoglobulin M, obtained from Sigma Chemical Co. (St. Louis, MO, USA), was used as a secondary antibody.
The speci¢city of mAbs was validated by their ability to recognise the respective antigen from a panel of synthetic Le and related antigens (Isosep AB, Tulinge, Sweden, and Dextra Laboratories, reading, UK) and the LPSs of H. pylori strains whose O-chains have been shown by chemical studies [5, 6] to express Le antigens.
SDS^PAGE and immunoblotting
LPS antigens were analysed using SDS^PAGE with the discontinuous bu¡er system described by Laemmli [14] . Proteinase K-treated whole cell extracts were prepared as described previously [15] . The proteinase K-treated whole cell samples (LPS fraction) were applied to an SDS^PAGE gel, composed of a 5% polyacrylamide stacking gel and a 15% acrylamide resolving gel. Subsequent electrophoresis was conducted with a constant current of 35 mA for 1 h, and LPS was detected in SDS^PAGE gels using a silver stain described by Tsai and Frasch [16] .
Alternatively, after electrophoresis, Western blotting was accomplished by a modi¢cation of the technique of Towbin et al. [17] , using a mini Trans-blot apparatus (BioRad, Richmond, CA, USA) with constant cooling at 40 mA and 30 V for 18 h. After transfer to nitrocellulose membranes (Hybond C extra, Amersham International, Buckinghamshire, UK), the membrane was probed with anti-Le x or anti-Le y mAb as primary antibody and HRP-conjugated goat anti-murine immunoglobulin M antibody as secondary antibody. Both primary and secondary antibodies were used at a concentration of 1:1000, and reactions visualised using a colour development kit (Bio-Rad).
For serodot analysis, nitrocellulose membranes were pre-soaked in distilled water and air-dried. The appropriate samples containing the heat-stable antigens were applied (1 Wl) to the nitrocellulose membranes and allowed to dry. Membranes were then treated as described for Western blotting.
ELISA
Protein concentrations of bacterial suspensions were determined using a Pierce protein assay detection system (Pierce, Rockford, IL, USA). Flat-bottomed microtitre plates were coated overnight with 100 Wl of H. pylori cell suspensions with a protein concentration of 60 mg ml 31 , in 0.05 M bicarbonate coating bu¡er, pH 9.6, and blocked with 3% (w/v) bovine serum albumin for 2 h at 20³C. Subsequently, ELISA was performed by the procedure described by Wirth et al. [18] as modi¢ed by Marshall et al. [19] .
Non-speci¢c binding values never exceeded an absorbance of 0.3 at 492 nm and, hence, absorbance values were considered positive for the presence of Le antigens if s 0.3 at 492 nm. Assays were performed in triplicate.
Results

SDS^PAGE pro¢les of LPSs
Expression of Le antigens by H. pylori has been shown to occur on the O-chain of high-molecular mass S-LPS. Therefore, prior to serological analysis of strains, proteinase K-treated whole cell extracts of LPS were analysed using SDS^PAGE and silver staining to detect whether S-LPS was expressed and, hence, an O-chain. All 34 clinical isolates and the reference strains NCTC 11637, MO19 and P466 expressed high-molecular mass LPS with an Ochain. A representative silver-stained SDS^PAGE gel is shown in Fig. 1. 
Le antigen expression by reference strains
Previous studies have demonstrated that culture collection and laboratory strains of H. pylori, continuously passaged on solid media, may express R-LPS that lacks an Ochain [4] . Expression of S-LPS by the reference strains was con¢rmed using SDS^PAGE as described above. The type strain NCTC 11637 expressed Le x and Le y antigens (Table  1 ). Chemical analysis of the LPS of this strain did not demonstrate the presence of Le y [5] . However, subsequent serological investigations [18, 20] have revealed the presence of Le y epitopes. It has been suggested that the presence of Le y may be due to either phase variation [20] or a mixed culture of strains in the original culture [17] . The serological analysis of P466 and MO19 indicated that the former expressed Le x and Le y whereas the latter expressed Le y only (Table 1) . This is in agreement with previous chemical studies [6] . Together these results validate the activity of the mAbs used in this study.
Comparison of Le x expression
The serodot method was the most sensitive of the three methods for the detection of Le x antigens in the group of strains studied (26/34) ( Table 2) . By combining all three methods, a higher rate of detection of Le x was obtained than for any individual method (28/34). However, nine strains, which tested positive using the serodot method, were classi¢ed as very weakly positive due to di¤culties in visualising results ( Fig. 2A) . These weakly positive results may include some false positives. This was further con¢rmed by Western blotting and ELISA which both consistently classed the majority of these strains (6/9) as negative for Le x . Therefore, to eliminate possible false positives, only those con¢rmed by at least two of the three methods were taken to be actual positive results. Applica- tion of this limit to our sample indicated that 20 of the 34 strains (59%) expressed Le x antigens.
Comparison of Le y expression
Comparison of results for detection of Le y (Table 3 ) demonstrated that the ELISA system gave the highest rate of detection of these structures (32/34). Though serodot analysis had fewer ambiguous weakly positive results using anti-Le y mAbs (4/34) (Fig. 2B) , Western blotting and ELISA were the most consistent pair of tests agreeing for 29/34 strains. Combining results from all three tests indicated that 33/34 strains expressed Le y . The requirement for a positive result to be con¢rmed by two of the three tests indicated that 32 of the 34 strains (94%) were positive for Le y expression in the sample. In addition, combining all three methods in this way revealed that Le x or Le y antigens were not expressed by only one strain, 93-1000.
Discussion
Serological methods are routinely used to assess the Le antigen expression by H. pylori [18, 19, 21, 22] . However, chemical analysis has demonstrated Le antigen expression in strains which were Le-negative by serology [7] , and di¡erences between Le antigen expression detected by chemical and serological analysis have been noted [8] . Lack of detection of Le antigens using serology may be due to the presence of di¡erent structures in the O-chain [23] , or presentation of the antigen, which may be a¡ected by structures present in the core region of the LPS [7] . Though chemical analysis is a precise method for detection of Le antigens expressed by H. pylori strains, the techniques are laborious and time consuming, and large amounts of bacterial biomass are needed to extract su¤-cient LPS for analysis. This requirement, and the fastidious nature of H. pylori, prohibits the use of chemical analysis as a routine method. Moreover, heavy subculture of strains may a¡ect their Le status through phase variation [20] or loss of O-chain expression [4] . Hence, reliable serological analysis would be valuable for screening strains of H. pylori for Le antigens and assessing the role of Le expression in studies of H. pylori pathogenesis.
ELISA has been used extensively to characterise the expression of Le antigens by H. pylori in a number of studies relating to H. pylori pathogenesis. In two separate studies using strains from diverse populations, the ELISA method estimated Le antigen expression at 60% and 77% for Le x , and 71% and 74% for Le y . Amano et al. [21] reported that expression of Le x and Le y antigens was lower for isolates from the Japanese population at 31% and 41%, respectively, also using an ELISA system. When compared with results from the ELISA method in this study, Le x expression was estimated at 56% and Le y at 94% for strains. A similarly high level of Le y expression was observed using an ELISA system (Le x , 61%; Le y , 83%) in a study involving analysis of a distinct set of isolates from the Irish population [24] .
Western blotting has also been used to determine Le expression. The study by Amano et al. [21] analysed Le expression of strains using both ELISA and Western blotting. Consistent with their results using ELISA, their study revealed a much lower expression of Le antigens using Western blotting, than in the present study, 41% versus 53% for Le x , and 42% versus 79% for Le y . The serodot method has not previously been used to assess the presence of Le antigens for large groups of strains. Although it was the most sensitive method in the present study, for detecting Le x (77%), and was comparable to the other methods for detecting Le y (79%), the possibility of false positives, particularly for Le x , limits its current usefulness. In contrast to previous studies, our results have shown that an ELISA system is more sensitive than Western blotting and produces less ambiguous results than the serodot method. However, the use of any single method may fail to detect Le antigens which are detected by the other two methods. Therefore, we suggest the use of all three methods with Le expression considered positive when con¢rmed by at least two out of the three tests.
The results of this study and others [24] have shown that Le expression by the Irish population is high whereas isolates from Japan and China have relatively low levels of Le antigen expression in comparison to other populations [18, 21, 22] . Our results therefore suggest that di¡erences may exist between these sets of H. pylori isolates in their Le antigen expression. Examples of ethnic tropism have already been described using genetic methods [25] . The possibility of phenotypic adaptation by a strain to a host population is an important question and is the subject of further investigation.
